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<S> Dental x-ray image detection system. 

€> In a dental X-ray apparatus use is made of a 
fibre optics device (73) provided with an oblfguely 
cut end surface (12) to transmit an optical image 
projected into the fibre optics device on that surface 
onto a second end face (15) thereof forming on the 
second end face an image with a reduced surface 
area. Using a crossed cascade of two fibre optica 
devices (13, 23), an image area can be reduced In 
two directions. 
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Dental X-ray fmaje detection system. 



The invention relates to a dental X-ray image 
detection system provided with an optical sensitive 
sensor being fibre optically coupled to a lumines- 
cent screen. 

Such a detection system is known, from US 5 
4,583,400, In this system a fuminescent screen Is 
optically coupled to a CCD matrix as optical sensor 
with the aid of a tapered fibre optical device such 
that the surface area of an X-ray image projected 
on the luminescent layer is reduced to a smaller io 
surface area to be projected on the CCD matrix. 

For a practical device the reduction in the 
dimension of the X-ray image and the sensor im- 
age should be relatively high in order to have an X- 
ray image large enough to encompass at least a is 
full tooth and to have the opportunity to make use 
of a relatively low cost CCD device. The device 
disclosed in US 4,593,400 is not suited to realise 
such a high image reduction at acceptable costs 
without the risk that the Image will become deferio- so 
rated in the fibre optics device due to irregularities 
therein as a consequence of the too strong taper- 
ing or that the fibre optics device becomes unac- 
ceptable long, tor practical use. A further disadvan- 
tage of the known apparatus is that the CCD matrix 26 
must be protected against direct X-ray radiation 
from the source as well as against x-rays scattered 
in the object to be examined or in parts of the 
apparatus, tn the known apparatus the detecting 
device including the CCD matrix Is located in direct so 
vfew of the X-ray source X-ray protection has to be 
added between the luminescent layer and the sen- 
sor Such a protection can easify have an adversely 
effect on t4e image forming. 

In the known apparatus the screening Is ex- ss 
ecuted by incorporating X-ray absorbing material in 
the optical transmitting for preventing passage of 
X-rays surpassed the luminescent layer- Such ma- 
terial has a negative effect on the image transmis- 
sion. Especially due to the direct vfew orientation 40 
also the core 'glass must be X-ray absorbing with 
all its negative effects onto the light transmission. 

From EP 149 502 a fibre optically coupled X- 
ray detection system is known but there the need 
to have a small dimension In the direction of the <s 
imaging X-ray beam does not exist The same can 
be said of the scanning apparatus disclosed in gP 
279 293.. 

It is .a main object mentioned disadvantages 
and thereto a detecting system for a dental X-ray & 
apparatus as defined above according to the inven- 
tion is charactezed in that the detection system 
comprises a fibre optical device having a first sur- 
face obliquely cut with respect to the fibres, in- 
troducing a surface area reduction between .this 



surface and a second surface of the device opti- 
cally connected thereto. 

tn a further embodiment the fibre optics device 
reduces the long axis of a rectangular X-ray image 
with about a factor 3 adapting the optical image 
area to a sensor surface area having a long axis 
substantial equal to the short axis of the X-ray 
image and a small axis substantial equal to a third 
of the long X-ray image area axis* Using two fibre 
optics elements in cascade each introducing a lin- 
ear reduction of roughly a factor 3 a reduction of 
an X-ray image of about 18x24 mm 2 can be re- 
duced to a sensor area of 6x8 mm 2 which is near 
to normal available relatively cheap obtainable In 
the shape of a CCD matrix sensor. 

In a further embodiment a luminescent layer, 
preferably df C$1 (T1) or Gd202S (Tb). is directly 
coupled to a first obliguely cut surface of the fibre 
optics device and an optical sensitive sensor pref- 
erably a CCD matrix sensor is coupled to a second 
surface of the fibre optical device optically coupled 
to the first surface. 

In a further embodiment the fibre optics device 
is cut along two optically coupled surfaces such 
that substantially a 90* angle is realised between 
said two surfaces* 

"A non-90* cutting angle for the read out sur- 
face gives an additional parameter to adapt the 
geometry of the read out surface to the measuring 
of a CCD image zensor. A cutting angfe of at least 
90* with the entrance surface results in an im- 
proved protection of the CCD sensor against X- 
rays in that no part of the sensor becomes Into a 
straight-on radiation field of the X-ray beam. Alter- 
natively for a 80* cutting angle the fibre optics 
device can be registered in the X-ray system such 
that also no straight-on radiation can see the sen- 
sor. A cutting angle less than 90* can result in a 
more compact device but than the fibre optics 
device must be relatively high X-ray absorbent 

ln a further embodiment the ciadding glass „ 
and/or the extra mural absorbent elements of the 
fibre optics device contain X-ray absorbing material 
or are made of lead glass for preventing the sensor 
against scattered X-rays. 

Some embodiments according to the invention 
wilf be described more detailed hereinafter with 
reference to the drawing In which 

Figure 1 shows schematically a dental X-ray 
apparatus provided with a detection system ac- 
cording to the* Invention, and 

Rgures 2 and 3 shows examples of fibre 
optical devices applicable therefore. 

A dental X-ray apparatus as shown In Figure 1 
comprises an X-ray source 1 with an anode 2 to 
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generate an X-ray beam 4, which fa limited with a 
diaphragm 6 to irradiate an object 8, here a tooth, 
to be examined. A shadow image of the object is 
projected on a luminescent layer W converting the 
X-ray quanta into light quanta. The luminescent 
layer 10 comprising for example Csl (T1 activated 
or Gd202s (Tb activated) is directly deposited on a 
fibre optics surface 12 by vapour deposition, spray- 
ing or any other applicable deposition method. Part 
of the luminescent light generated- in the lumine* 
cent layer is projected into the fibres of a fibre 
optics device 13 such that a light optical image, 
corresponding with the X-ray image projected on 
the luminescent layer is transmitted by the fibre 
optics element to an optical sensitive sensor 14 
provided in Front of a second surface 15 of the fibre 
optical- device. Preferably the sensor 14 Is coupled 
as directly as possible to the fibre optics device in 
order to avoid loss of imaging light The optical 
sensitive sensor preferably is shaped as an elec- 
tronic matrix sensor in order to enable digital elec- 
tronics reading and may be constructed as a CCD 
matrix sensor available on the market Known CCD 
matrix sensor have, for example, a detecting sur- 
face area of 4.5 times 5.0 mm containing a matrix 
of about 600 times about 500 elements each mea- 
suring about 10 times 10 urn or a detecting area of 
aobut 13 times 9 mm composed of about 575 
times 380 efements each measuring about 25 
times 25 urn. The optical sensor 14 Is electrically* 
coupled to a signal reading - and signal control 
interface device 16 to which an image processor 
18 is coupled. The Image processor, in addition to 
the normal Image processing known to be per- 
• formed In this kind of apparatus such as contrast 
alteration, edge enhancement, pattern recognition 
etc, could also provide the spatial tretching in one 
direction on which may be necessary to recon- 
struct the actual geometrical proportions of the 
Image. To the image processor a monitor 20 for 
displaying the image of the object or an image 
derived after image processing and a hard copy 
unft to produce if asked for a copy on paper or 
transparent film or a magnetically or optically regis- 
tered hard copy of an image. 

Figure 2 shows a fibre optics device 13 more 
detailed together with a luminescent layer 10 which 
Is for example 50-200 urn thick and deposited 
directly on an entrance surface 12 of the fibre 
optics device. An optical sensitive sensor 14 is 
dlretly coupled to an output surface 15 of the fibre 
optics device. The cutting angle a may be choosen 
such that a length measuring L of an X-ray image 
projected on the luminescent layer 10 Is reduced to 
a measuring 1 of the optical image projected on 
the sensor by fibres 24 of the fibre optics device. 
The reduction factor may be about 3 and for a 
practical device L can be about 12 mm reduced to 



4 mm for the sensor measuring I. In the other 
direction thus square to the drawing surface as well 
the X-ray image as the sensor measuring may be 
about 5 to 10 mm. In order to avoid any direct view 

9 of the sensor 14 by the X-ray beam 4 an additional 
screening 26 can be added which also can act as 
protection against unwanted light impinging on the 
sensor. 

Figure 3 shows in a kind of exploded view a 

10 cascade of two fibre optics devices 13, respectively 
23. An X-ray image projected on a luminescent 
screen 10 covering the surface 12 of fibre optics 
device 13 is projected on a second face 15 of the 
device reducing the measuring L into measuring I. 

is An entrance face 25 of the second fibre optics 
device 23 is preferably directly coupled to the face 
15 of device 13. For a good optical transmission at 
least one of the faces 15 or 25 is roughened such 
as described* In US 4,247,185, The image projected 

20 on face 15 thus is accepted in fibre optics device 
23 and transmitted to an exit face 26 thereof reduc- 
ing a measuring B of the first optical Image cor- 
responding with the X-ray image into a measuring 
b to which a dimension of the optical sensor 14 is 

25 adapted or practically spoken the reduction is 
adapted to the relevant measuring of sensor 14 
which is fixed to the output face 26 of fibre optics 
elements 23. 

tn all the examples described the fibre .optics 

30 device Is used to reduce the Image dimensions, it 
may be obvious of course due to optical rover- 
sebility to use an optical device according to the 
invention to enlarge the Image dimensions. Both 
actions can also be used without a luminescent 

os layer thus acting only on light optical 'images. The 
detection system can be provided with an electrical 
or electronic sensor to detect the start of X-ray 
Irradiation for automatically starting the read-out of 
the image matrix. 

Claims 

1. A dental X-ray detection system for detect* 
40 Ing one or some teeth at a time comprising an 
optical sensitive sensor, fibre optically coupled to a 
luminescent screen, characterized in that the de- 
tection system comprises a fibre optics device 
having a first surface obltgueiy cut with respect to 
so the fibres, Introducing an image area reduction of 
an image projected on that surface and a second 
surface of the fibre optics device optically coupled 
to the first surface. 

2- A dental X-ray detection system as claimed 
ss in Claim 1, characterized in that the fibre optics 
device reduces a long axis of a rectangular X-ray 
Image adapted to a short axis of a rectangular 
optical sensor. 
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3. A dental x-ray detection system as claimed 
in Claim 1 or claim 2, characterized in that it- 
comprises a cascade of two fibre optics devices 
each reducing an axis of an X-ray image indepen- 
dently. 9 

4. A dental X-ray detection system as ciaimed 
in Claim 1. 2 or 3, characterized in that one or each 
of the fibre optics devices reduces an axis of an X- 
ray image with about a factor three- 

5. A dental X-ray detection system as ciaimed to 
in any one of the preceding Claims, characterized 

in that the optical sensitive sensor is shaped as a 
CCD matrix sensor. 

6. A dental X-ray detection system as claimed 

irt any one of the proceeding Claims, characterized is 
in that* the luminescent layer is directly deposited 
on relevant end fecesof the fibre optics devices. 

7. A dental X-ray detection system as ciaimed 
In any one of the preceding Claims, characterized 

in that a control unit thereof is provided with a 20 
sensor which automatically activates the detection 
system on X-ray capture. 

8. A dental X-ray- detection system as claimed 
. irl any one of the preceding Claims, characterized 

in that gladding glass and/or extra mural absorbing as 
elements of fibre optics device contains X-ray ab- 
sorbing material, 

9. A dental X-ray detection system as claimed 
in any one of the proceeding claims characterized 

?n that the read out second surface of the fibre 30 
opticar device is obiiguefy cut with respect to the 
fibres. 

10. A dental X-ray apparatus comprising a de- 
tection system as claimed Jn ay one of the 
proceeding Claims- ffi 
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